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Understanding the impact of sex and stage differences on
melanoma cancer patient survival: a SEER-based study
Aiden J. Smith 1, Paul C. Lambert1,2 and Mark J. Rutherford1

BACKGROUND: This paper investigates the difference in survival of melanoma patients across stage and sex by utilising net
survival measures. Metrics are presented at both the individual and population level.
METHODS: Flexible parametric models were fitted to estimate life-expectancy metrics to be applied to a group of 104,938 subjects
with a melanoma skin cancer diagnosis from 2000 to 2017. Period analysis was used for better predictions for newly diagnosed
patients, and missing-stage information was imputed for 9918 patients. Female relative survival was assigned to male subjects to
demonstrate the survival discrepancies experienced between sexes.
RESULTS: At the age of 60, males diagnosed at the regional stage lose an average of 4.99 years of life compared to the general
population, and females lose 4.79 years, demonstrating the sex variation in expected mortality. In 2017, males contributed 3545
more life years lost than females, and a potential 1931 life years could be preserved if sex differences in survival were eliminated.
CONCLUSIONS: This study demonstrates the survival differences across population subgroups as a result of a melanoma cancer
diagnosis. Females experience better prognosis across age and stage at diagnosis; however, further investigation is necessary to
better understand the mechanisms behind this difference.
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BACKGROUND
There have been worldwide increases in melanoma skin cancer
incidence over the last several decades,1–4 coupled with steady
improvement in patient survival for diagnosed individuals.5 In spite of
the progress seen over time, variation in survival across population
subgroups still persists.6 Fair comparisons of cancer patient survival
can be made across population subgroups (such as those defined by
sex, geographical location, socioeconomic status, calendar periods of
diagnosis and age) by accounting for differential background (other-
cause) mortality rates, and reporting net survival measures that are
solely impacted by the extra mortality associated with a cancer
diagnosis.7,8

Disparities in cancer survival between sexes across cancer sites are
well documented with females often experiencing better prognosis,9

including for melanoma.10 At a population level, it is of interest to
understand the magnitude of this difference and, were this disparity
to be eliminated, the amount of life years that could be preserved.
Standard net survival metrics (e.g. 1- and 5-year age-standardised
relative survival) are often difficult to interpret and are not tangible
metrics to quantify the overall impact of cancer, making it difficult to
provide meaningful statistics that are useful for decision makers.
An alternative metric that has become increasingly popular is the

average life expectancy. From the same statistical model in the
relative survival framework, it is possible, under a range of
assumptions that have been shown to be plausible for adult cancer
patient populations,11 to estimate 1- and 5-year stage-specific relative
survival, as well as loss in life expectancy (LEL) for each stage at
diagnosis relative to a disease-free member of the general

population.12 These measures are intuitive in that they can be
manipulated to explain the loss in life expectancy of individuals across
their whole lifespan post diagnosis,13,14 as well as quantify the burden
of a specific disease on the population as a whole. These population
measures can be used to inform policy makers in regard to the
population benefit of potential investments into screening or
treatment programmes.
Various other metrics can be derived from the measures of life

expectancy providing a range of reporting options that show different
aspects of cancer prognosis based on an individual’s characteristics.
The proportion of expected life lost (PELL) can be calculated to make
LEL more comparable across the age spectrum, given the premise
that older patients will naturally have less- available life years to lose.
Total life years lost (TLYL) can be calculated to understand the
differing impact of each stage at diagnosis across the population.
This study utilises US SEER data to estimate the impact of

melanoma skin cancer at both the individual and population levels,
across stages at diagnosis using an array of metrics. Population
metrics were constructed to demonstrate the societal burden of
melanoma and determine the number of life years, which could be
preserved if both sexes experienced equivalent stage-specific relative
survival.

METHODS
Data resources
Individual case listings obtained for all individuals diagnosed with
a melanoma skin cancer diagnosis between 2000 and 2017 were
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extracted from the Surveillance, Epidemiology, and End Results
Program (SEER) (9 Registries) database from the United States
National Cancer Institute SEER*Stat tool,15 and analysed in Stata.
Alongside staging information, individual patient characteristic
data, such as age at diagnosis are collected and provide the ability
to assess survival differences between population subgroups.
Melanoma cases were extracted from the SEER database using the
primary tumour site ICD-O-3 codes (C44.0–C44.9). Categories for
stage at diagnosis are coded in accordance with the SEER
summary staging system,16 where malignant tumours are defined
as localised (invasive tumours confined to the superficial skin),
regional (tumours that have invaded the deeper skin tissues,
organs and lymphatic system surrounding the primary tumour
site) and distant (tumours that have metastasised beyond the
region surrounding the primary tumour site into the rest of the
body). Tumours coded as in situ were excluded from the analysis.
For patients registered with multiple tumours, only the first
tumour was considered.

Statistical methods
Flexible parametric survival models were fitted using restricted
cubic splines to more accurately capture the baseline excess
hazard.17,18 The models were fitted using the -stpm2- command in
Stata.19 Separate models were fitted for males and females. These
models enable the estimation of relative survival, life expectancy,
loss in expectation of life and proportion of expected life lost for
each of the stages of cancer diagnosis. Expected mortality rates in
the general population were incorporated using SEER*Stat US
Mortality data for the years 2000–2017, stratified by age, sex, year
and race.15

The fitted models included age and stage at diagnosis. Age
was modelled using splines to allow for non-linearity and
modelled as a continuous variable. Relative survival estimates
were Winsorized based on age at diagnosis to aid with model
stability.20 Both age and stage at diagnosis were assumed to
have time-dependent effects. Multiple imputation was per-
formed on 9918 missing observations (9.45% of data) in the
stage at diagnosis variable.21 The imputation models were fitted
separately for sex, and also included age at diagnosis, year of
diagnosis, anatomical tumour sub-site and tumour grade (stage
missingness distributions of these covariates are presented in
Supplementary Table 1). Missing-stage data were imputed using
30 imputation iterations,22 and analysis was conducted using
each imputed dataset and combined using Rubin’s rules to
obtain summary estimates and confidence intervals of the
metrics (see Supplementary Material: Statistical Methods
Appendix for further details).
A period analysis with a period window of 5 years between

2013 and 2017 was used as it allows for better predictions of
prognosis for newly diagnosed patients compared to traditional
cohort approaches.23,24 Period analysis involves only using follow-
up experience that falls within the period window. In doing so, we
use the short-term survival experience from those diagnosed
more recently (diagnosed in 2013–2017), and the long-term
survival experience is contributed from those diagnosed further
back in time (back to diagnoses from 2000), whilst the short-term
experience of those diagnosed historically is excluded. Period
analysis, therefore, provides more accurate, up-to- date predic-
tions for long-term survival, which are not unduly influenced by
patients in the cohort who were diagnosed further in the past who
generally experience worse survival than more recent diagnoses.
LEL and PELL estimates are calculated for each age at diagnosis
based on the approach of Andersson et al.25 Finally, the total life
years lost was calculated for melanoma cases diagnosed in 2017
to demonstrate the societal impact these cancer cases have at a
population level, and how the magnitude of this impact varies by
stage at diagnosis. Furthermore, by assigning the relative survival
of females to males, it is possible to calculate the population-level

life years lost, which is a result of the disparity in sex-specific
relative survival.
All statistical analyses were conducted using Stata 16.26

RESULTS
In total, 133,690 patients were extracted from the SEER database
with a melanoma cancer code. After data cleaning, 104,938
patients with a melanoma skin cancer diagnosis were included in
the analysis. Patients were excluded if they did not have complete
date information (n= 28,752). Table 1 shows the number of
patients by sex, and the distribution of stage and age at diagnosis.
Those diagnosed at a localised stage are younger on average, with
those diagnosed at distant stage having the highest mean age at
diagnosis. Females are typically diagnosed at an earlier age than
males on average in the localised and regional stages; however,
they are older on average when diagnosed at the distant stage
when compared to males. There are more male cases across all
3 stages; however, there is a larger disparity between sexes in the
patients with missing-stage information, with stage information
missing from ~3000 more males compared to females, represent-
ing a 2.98% increase in the proportion of missing data in the stage
distribution. The stage distributions between sexes are markedly
different, with a larger proportion of female cases being
diagnosed at the localised stage (81.29–75.39%), whereas a higher
proportion of both regional and distant cases are found in males.
Greater differences are noticeable in the age distributions
between the sexes, with a far higher proportion of males being
diagnosed over 60 compared to females. A large disparity is
noticeable in the under-45 age group, where there is a markedly
higher proportion of the female cases when compared to the
males (25.34–15.42%).
Figure 1 shows the stage- and age-specific 1- and 5-year relative

survival, with the worst prognosis estimated for older patients. A
noticeable decline occurs around age 70 in both the 1-year and 5-
year estimates, although with greater severity in the longer term.
There are also marked differences between the estimates for the
regional and distant-stage diagnosed patients, with sex differ-
ences in survival also being noticeable for all stages of diagnosis.
Figure 2 and Table 2 show the life expectancy and loss in

expectation of life as a result of a melanoma diagnosis. From the
life-expectancy plots, we see that across all ages of diagnosis

Table 1. Baseline characteristics of melanoma skin cancer patients
extracted from the SEER database 2000–2017.

Male Female Total

N (Total %)

60,351 (57.51) 44,587 (42.49) 104,938 (100)

Stage (sex distribution %)

Localised 45,499 (75.39) 36,243 (81.29) 81,742 (77.90)

Regional 5993 (9.93) 3731 (8.37) 9724 (9.27)

Distant 2390 (3.96) 1164 (2.61) 3554 (3.39)

Missing 6469 (10.72) 3449 (7.74) 9918 (9.45)

Age group at diagnosis (sex distribution %)

<45 9307 (15.42) 11,300 (25.34) 20,607 (19.64)

45–60 15,924 (26.39) 12,996 (29.15) 28,920 (27.56)

60–75 21,731 (36.01) 12,238 (27.45) 33,969 (32.37)

>75 13.389 (22.19) 8053 (18.06) 21,442 (20.43)

Mean age at diagnosis (SD)

Localised 62.23 (15.28) 56.14 (17.22) 59.53 (16.45)

Regional 61.96 (16.91) 59.79 (18.95) 61.13 (17.75)

Distant 63.67 (15.04) 64.49 (16.08) 63.94 (15.39)
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within the regional and distant stages of diagnosis, there is a
reduction in expectation of life compared to that of the general
population average. In the localised-stage group, there is very little
difference between the general population and those diagnosed
with melanoma. Consistent with the 1- and 5-year relative survival
estimates, the distant-stage cases have a notably worse prognosis
in terms of both the overall life expectancy and the years of
expected life lost. A 60-year-old male individual diagnosed with
localised melanoma can expect to lose on average 0.25 years of

life compared to a similar individual in the general population.
This figure increases to 4.99 and 11.73 years, respectively, for
regional and distant stage at diagnosis. Comparatively, an 80-year-
old male would expect to lose on average 0.24, 3.72 and 6.99 years
of life for each given stage, respectively. At the distant stage, a 60-
year-old man is expected to lose 59.07% of their remaining
expected life and the 80-year-old man to lose 81.74%. When
considering sex variation, females have a lower LEL compared to
men. Male cases have in general a higher proportion of expected
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Fig. 1 Stage-specific 1- and 5-year relative survival curves as a function of age at diagnosis. Top-left: Male 1-Year relative survival; top-right:
Female 1-Year relative survival; bottom-left: Male 5-Year relative survival; bottom-right: Female 5-Year relative survival.
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life lost, although this is not consistent across all ages and stages,
suggesting that females are impacted either equally or marginally
less by a cancer diagnosis when compared to males.
Figure 3 shows the TLYL from melanoma cases diagnosed in

2017, as well as the potential gain in life years were males to
experience relative survival equal to females. This highlights the
disparity in life years being contributed between the sexes, and
how sex-specific survival differences impact the overall societal
burden of melanoma cancer within a calendar year. Male cases
contribute a greater number of life years lost across the
population for patients diagnosed in 2017 across all stages at
diagnosis, as well as a higher number of cases. In localised cases
where the best survival is experienced, males diagnosed in this
calendar year contribute 3545 more life years lost when compared
to females, as a result of both higher numbers and worse survival.
When looking at the stage-specific average life years lost per case,
males lose a higher number of life years on average per case in all
stage groups. In males in 2017, localised cases account for 85.1%
of all melanoma diagnoses, and despite the very small life years
lost per case, still are responsible for 16.5% of all life years lost. In
females, this changes to 88.3% of all cases contributing 15.3% of
life years being lost in the calendar year. In contrast, at the distant
stage for males, 5.1% of cases are responsible for 43.2% of life
years lost, and in females, 4.5% of cases contribute 47.9% of life
years lost.
Across all melanoma cases diagnosed in 2017, a total of 1931.10

life years could be gained if males experienced the same relative
survival as females. Across 4404 localised cases, 605.29 life years
could be gained, as well as 809.60 life years, and 516.21 life years
could be gained from the regional and distant stages from 511
and 264 cases, respectively. Despite having the best stage-specific
survival, localised cases comprise a significant volume of potential
life years to be gained due to the high proportion in this group.
The comparatively small amount of life years to be gained within
the distant-stage cases can be attributed to the older-age
distribution of patients, as well as the reduction in LEL differences
as age at diagnosis progresses within the distant-stage group.
Potential improvement at localised stage is responsible for 31.34%
of the total potential gain in life years, despite having the smallest
per-case impact of the three stages at diagnosis, because of the
stage distribution of melanoma cases.
Figure 4 demonstrates the potential reduction in loss-of-life

expectancy if sex inequalities in melanoma survival were
eliminated. For a 50-year-old male with melanoma, they would
gain on average 0.25 years for a localised diagnosis, 2.80 years for
a regional diagnosis and 3.43 years for a distant diagnosis were
males able to experience the same relative survival as females. The
sex differences in LEL vary across age with younger patients
subject to more dramatic improvements in survival, as well as
variation across stages.

DISCUSSION
This study investigated the impact of a melanoma skin cancer
diagnosis on patients’ life expectancy and the variation within
stage and age at diagnosis in the SEER (9 Registries) population.
Stage differences were quantified using life-expectancy metrics to
assess the lifetime-survival impact following a cancer diagnosis.
The sex inequality in melanoma survival in particular was
highlighted by estimating the impact of eliminating the relative
survival differences and calculating the potential gain in life years
by attributing female relative survival to the male population. We
find that for diagnoses in a single calendar year, 1931.10 life years
could potentially be gained if males experienced the relative
survival of females.
The majority of melanoma cases are diagnosed at localised

stage and experience very little reduction in life expectancy across
the whole range of ages at diagnosis in both male and femaleTa
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cases, in part due to the relative ease of tumour resection where
the cancer has not metastasised. Alternatively, at the more
advanced stages, there is a considerable reduction in life
expectancy compared to the average life expectancy of
covariate-matched general population individuals. For example,
a 60-year-old male experiences on average a loss in life
expectancy of 4.99 years when diagnosed with a regional
melanoma case, and this figure rises to 11.73 years for distant
diagnoses. The female-equivalent figures were 4.79 and 12.62
years, respectively, highlighting the better prognosis experienced
by females. These figures vary strongly by age at diagnosis, with
younger patients experiencing the best survival. The majority of
melanoma incidence in the United States occurs between 55 and
74, accounting for approximately 45% of all melanoma diag-
noses;27 however, while the incidence is low for those under the
age of 45, it is one of the most common cancers diagnosed
among adolescents and young adults,28 and it is therefore

important to understand the changes in survival trends for the
patients diagnosed with melanoma at a younger age.
The variability in loss of expectation of life across sex when

estimated across age at diagnosis can be in part attributable to
the increased general life expectancy that females experience in
comparison to males. Similarly, younger patients have significantly
more life years available to lose. Therefore, when comparing loss
in life expectancy across sex and age, proportional measures offer
an alternative to aid fair comparisons. For example, for subjects
diagnosed with regional-stage melanoma at the age of 60, males
can expect to lose 4.99 years of life, while females expect to lose
4.79 years. The absolute difference does not account for the
varying healthy population life expectancy between the sexes,
and so comparing the PELL (25.16 vs. 20.19%) demonstrates a
more effective comparison. Similarly, when comparing across
ages, males diagnosed with distant- stage melanoma at the age of
80 lose 81.74% of their remaining life, while males diagnosed at
distant stage at the age of 50 lose 67.63%, a difference of 14.11%.
The use of proportional measures provides easily interpretable
and comparable metrics to describe differences in survival across
population subgroups while accounting for variation in absolute
expected remaining life.
These findings demonstrate patterns in survival within popula-

tion subgroups that have been suggested previously. There is
consistent evidence that stage at diagnosis is a major factor in
survival differences within European and American
populations,29,30 and the disparity between sexes found here is
consistent with prior research within Nordic10 and the US
population,31 and reaffirming the influence that age at diagnosis
has across the post-diagnosis pathway between sexes.
External factors that have not been accounted for in this

analysis may also play a role in driving survival differences in
population subgroups. Socioeconomic groups are known to
experience differing survival,32 and factors such as access to
screening and treatment may also influence this. Naturally, some
people are more likely to seek care than others and this may be
more prevalent in certain subgroups, and adjusting for these
known and unknown factors that drive differences in cancer
survival is inherently difficult.
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Calculating life-expectancy measures derived from flexible
parametric survival models allows for metrics that are easily
communicated and simple to interpret for non-statisticians. Loss
in life expectancy provides a method for assessing post-diagnosis
pathways in a variety of covariate- specific individuals, as well as
providing a base to quantify the overall societal burden. By also
presenting proportional measures, fair comparisons can be made
across a variety of population subgroups. Estimating the overall
burden on the population is simple, requiring only the survival
estimates and the number of cancer cases diagnosed in a given
period of time.
With increasing global melanoma incidence and mortality, it is

important to identify variations in survival across population
subgroups. By doing so, it may become possible to identify the
highest- risk groups and drive change to implement better
screening and awareness to try and reduce the incidence of
melanoma cases, as well as identify cases at earlier stages where
survival is significantly better. By improving the stage distribution
of melanoma cases, improvement would be seen in survival at
both the individual and population level. By eliminating sex
differences in survival, many life years could be gained each year
within the SEER population; however, further research is required
to better understand the biological and behavioural mechanisms
that drive these disparities.
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